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INTRODUCTION. calderas represent records of magmatic processes associated with magma ascent, emplacemenf 
storage, and evolution in planetary lithospheres. In addition to representing the surface manifestation of subsurface magma 
movement and changes m the state of subsurface magmas, calderas are evidence for differing conditions of crustal density 
and structure, variable volume rates of magma emplacemen& and changing conditions associated with magmatic evolution. 

A wide variety of calderas are observed on Earth and several hypotheses have been proposed for their formation 
[1,2,3.4]. including volume decreases arising from evacuation of the magma reservoir, volume increases due to injection of 
new magma or vesiculation, and loading due to isostatic changes accompanying thermal evolution of the reservoir. Distinct 
surface characteristics are predicted to be associated with these differing mechanisms [lo]. Recently the structure and 
distribution of associated features have also been used to infer the geometry and depth of the magma reservoir associated 
with the formation of the caldera of Olympus Mons [5]. As an initial step in comparing the observed characteristics of 
calderas with the pedictions of from hypotheses, the characteristics and range of tectonic structures, their relation to 
associated volcanological features, and the stratigraphic relationships between the st~~ctures and sequences of events in the 
building of the edifice have been dcamented through &tailed geologic mapping. In this study the calderas are fust 
classified on the basis of the consideration of their geologic and topographic characteristics. 
TWO FUNDAMENTAL TYPES OF CALDERAS. In a previous analysis of the tectonic structures and topographic 
characteristics associated with the summit of several volcanic -ces on Mars [6,7] we identified two fundamentally 
different types of calderas on Mm: the Olymprrs-type and the Arsia-type. In the Olympvs-type. the pattern of faults 
dehing the depression boundaries in map view occur fiquently in sets of short arcuate scarps or as a nested sequence of 
depressions, the boundaries are sharply &fined by a narrow inner slope, and the scarps associated with faulting are inward- 
facing, scalloped, and responsible for a terraced and chaotic appearance. In the Arsia-type the pattern of faults are primarily 
concentric, are distributed over a broad interval of radius from the center of the depression, and trace smoothly arcuate 
scarps with both inward and outward-facing slopes defining narrow graben along the topographic caldera rim. 

The Arsia-type may be further distinguished in topographic profile ftom the Olympus-type caldera by a larger diameter 
in relation to the host volcano, a broadly concave and sag-like profile, gently-sloping marginal inner walls, and multiple 
boundary faults (rather than an abrupt bounding inner escarpment). The Arsia-type is a much larger scale of caldera 
development and appears not to have a morphologically or topographically equivalent counterpart on Earth, perhaps with 
the exception of the Taupo-type calderas [4] or the large depressions encompassing some volcanic fields [8]. Although the 
mobility of Earth's lithosphere may be a factor, these two examples suggests that the Arsia-type could occur in the 
terrestrial record, but may not be easily identified due to their exireme size and due to the obscuring effects of erosion. 
MAP CHARACTERISTICS AND CLASSIFICATION.  Structural maps of all of the calderas on Mars are 
illustrated at the same scale m Figure 1 based on detailed geologic mapping and consideration of previous work [5,6,7,9], 
and each caldera has been categorized according to the classification above. Jnspection of the suite of maps reveals that 
whereas most of dte calderas are of the Olympus-rype, relatively few are strictly of the Arsia-type. This suggests that, as a 
rule, the Arsia-type may be sizedependent and associated with larger reservoirs. 

Martian calderas may be futher divided according to recuning minor characteristics relevant to potential modes of 
formation. Several calderas might best be described as transitional in morphology between the two main end members as 
the summits are characterized by an Olympus-type caldera enclosed within a larger annulus of faults and graben similar to 
that of the Arsia-type (Alba Patera, Biblis Patera, Tyrrhena Patera, Uranius Patera, Pavonis Mons, Hecates Tholus). The 
degree to which the annular graben are expressed varies from those with short arcuate segments on the flank (Hecates 
Tholus), to those in which numerous graben occur close to the boundary of an inner caldera and are characterized by listric- 
style walls (Biblis Patera), and to those with distinct enclosing summit sags (Pavonis Mons). 

At least two of the edifices and hein calderas are characterized by sector structure in which the calderas open onto and 
downwardly displace the adjacent flanks (Tharsis Tholus, Ceraunius Tholus). On several, a form of sector behavior occurs in 
which the calderas lie at the head of flank-inundating fans of fluidal deposits and channels (Ceraunius Tholus, Apollinaris 
Patera, and Hadriaca Patera). And although terraced, listric fault margins, and nested overlapping margins are common to the 
Olympus-type, several of the smaller calderas of the Olympus-type are to varying degrees simple, relatively circular, and 
characterized by steep walls (Albor Tholus, Ulysses Patera, Elysium Mons). Calderas on Mars are unusually circular anoss a 
wide range of dimensions. Despite the evidence for the influence of asymmetric stress fields in the form of sector structure 
and strong regional tectonic orientations, many of the calderas are unusually circular, and suggest relatively equant 
reservoir development. Small cones or shield volcanoes occur particularly along sector structures and Arsia-type graben 
arrangements, and represent evidence for circumferential fissures and lateral magma transport in at least four volcanoes. 

Calderas on Mars are morphologically diverse, yet are characterized by several common features indicative of 
preferential mechanisms of development. These results, additional characteristics of edifices (flow sizes, volumes, magma 
reservoir geometry, etc.). and chronological relationships among calderas structures are being used to make inferences 
about the mechanism of magma ascent and emplacement, the timing of events associated with reservoir formation in 
planetary lithospheres. and the long-term evolution of isolated magmatic systems. 
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Figure 1. Structural maps of all large calderas on Mars 
reproduced at the same scale. Maps are arranged from left to 
righc top down with Arsia-fypes in the upper left, 
transitional examples to Olympus Mons in the middle, and 
modified Olympus-type (circular and sector-type) in the lower 
two rows. 
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